Our seismic wave migration algorithm is designed to image any reflector or pointscattterer in the illuminated region above deep focus earthquakes using underside reflections observed at large distances ( Fig. 1 ). This is basically standard reflection seismology, usually done with shallow sources and receivers, turned upside down. A three-dimensional grid of possible scattering locations is considered, spanning the mantle wedge above the deep earthquake regions. Travel times from each source and each station to a given scattering grid point are computed, along with the travel times for teleseismic free-surface depth-phase reflections (pP, sS, sP) from each source to each observing station. The predicted differential times between the scattered arrival for a given grid point and free surface reflection for a given station are used to stack (sum) corresponding time intervals of all of the teleseismic recordings, relative to the observed free-surface reflection arrivals. We restrict the summation to scattering times earlier than the surface reflections to avoid strong coda that arrives after the surface reflections. A large number of sources and receivers must be used to attain adequate resolution of scattering structures. In order to use multiple events with different source signal complexity, a source equalization procedure is applied, involving average source wavelet deconvolution and uniform filtering of all data with Ricker wavelets of prescribed dominant periods. We use all readily available global teleseismic broadband recordings at distances from 40-140° for each event to have as much raypath sampling as possible at distances with simple waveforms.
The method is based on the Kirchhoff integral representation; essentially the imaging process is a weighted (in proportion to illumination) summation along the diffraction travel time curve. The illumination term involves amplitude corrections computed for each scattering position considered, including corrections for path geometric spreading, event source strength, and source double-couple radiation patterns. No attenuation corrections are made given that detailed attenuation models are not available for the mantle wedge. Illumination is large for well-sampled regions. Fig. S5b shows the SH wave illumination distribution for a vertical cross section in the SH image volume. It implicitly accounts for raypath density along with predictable amplitude effects for each possible scatterer location in the grid. The non-uniformity of illumination affects the spatial variation of variance in the images, so we use color hue to indicate statistical significance of each image feature relative to the background. The method is implemented in the local dip angle domain and corrects for the illumination effect for each local dip angle. The illumination correction balances the image amplitudes and recovers signal proportional to the reflectivity of the reflector or scatterer at that position. This is commonly called true-amplitude migration. The kinematic constraints on the migration lead to preferential sensitivity to quasi-horizontal reflectors or point-sources; steeply dipping reflectors will be poorly resolved in the local dip angle domain due to our restriction to teleseismic observations. (fig. S1 ) through the s X SH image volume (A and C) and the corresponding illumination volume (B). Image (A) is shown with no scaling of the color hues relative to resolution, whereas image (C) is weighted according to the standard deviations above the mean (σ) of the signal at each pixel obtained by the boostrap method, as done in all other figures. The illumination depends on earthquake double-couple radiation pattern and the geometrical spreading factor, with higher values indicating well sampled and illuminated regions in this cross section. The strong illumination region mainly reflect the dense path distribution to North America. fig. S1 ) through the migration volumes. The period of the Ricker wavelet applied to the data is 16 s for P and 20 s for SH. Blue colors indicate positive impedance contrasts with increasing depth, whereas red colors indicate negative impedance contrasts with increasing depth. Illumination weighting is applied to balance amplitudes in the individual sections, and the color hues are scaled relative to the number of standard deviations above the mean (σ) of the signal. The strong red stripes just below the surface are side-lobes of the strong pP and sSH surface reflections, which are the very saturated blue stripes right at the surface. The side-lobes obscure any reflectivity in the upper 70-km of the mantle. The upper surface of the subducting Pacific plate is indicated by the gray facade. The deep focus earthquake hypocenters are shown by the green dots. These profiles are 1° west of those in fig. 3 . S8 . Vertical west-east profiles in the P wave migration image (left column) and the SH wave migration (right column) along profiles ( fig. S1 ) e-e' at 16.5°S (A and B) and ff' at 19.5°S (C and D) and g-g' (E and F). The period of the Ricker wavelet applied to the data is 16 s for P and 20 s for SH. Illumination weighting is applied to balance amplitudes in the individual sections, and the color hues are scaled relative to the number of standard deviations above the mean (σ) of the signal. Blue colors indicate positive impedance contrasts with increasing depth, whereas red colors indicate negative impedance contrasts with increasing depth. The strong red stripes just below the surface are side-lobes of the strong pP and sSH surface reflections, which are the very saturated blue stripes right at the surface. The side-lobes obscure any reflectivity in the upper 70-km of the mantle. The upper surface of the subducting Pacific plate is indicated by the gray facade. The deep focus earthquake hypocenters are shown by the green dots. The illuminated region expands conically upward from the sources, and some of the intermittence in the reflectors may be due to non-uniform raypath sampling. (fig. S1 ). The period of the Ricker wavelet applied to the data is 16 s for P and 20 s for SH. Illumination weighting is applied to balance amplitudes in the individual sections, and the color hues are scaled relative to the number of standard deviations above the mean (σ) of the signal. Blue colors indicate positive impedance contrasts with increasing depth, whereas red colors indicate negative impedance contrasts with increasing depth. The strong red stripes just below the surface are side-lobes of the strong pP and sSH surface reflections, which are the very saturated blue stripes right at the surface. The side-lobes obscure any reflectivity in the upper 60-km of the mantle. The upper surface of the subducting Pacific plate is indicated by the gray facade. The deep focus earthquake hypocenters are shown by the green dots. The illuminated region expands conically upward from the sources, and some of the intermittence in the reflectors may be due to non-uniform raypath sampling. (fig. 1 ). The period of the Ricker wavelet is 16 s. We do not use the waveform interval after pP phase, so shallow structures (< 240 km) cannot be resolved. In these images, the red feature (with two blue side lobes) near 200km is the pP phase, projected to incorrect depth. Illumination weighting is applied to balance amplitudes in the individual sections. Blue colors indicate positive shear impedance contrasts with increasing depth, whereas red colors indicate negative shear impedance contrasts with increasing depth. The deep focus earthquake hypocenters are shown by the green dots.
Fig. S6. P wave (A) and SH wave (B) profiles along vertical sections d-d' (

